(1.9) for CO, 11 (9.5) for CH3OOH, 2.9 (3.1) for CH20, 1.9 (1.2) for H202, and 0.8 (0.4) for HNO3. Simulated scavenging efficiencies in the convective column are 5% for CH3OOH, 23% for CH20, 66% for H202, 77% for HNO3, and 28% for SO2. The large CEF for CH3OOH reflects its low solubility and its boundary layer enrichment relative to the upper troposphere. The Henry's law constant for CH20 puts it at the threshold for etficient scavenging. Scavenging of SO2 is limited by the rate of aqueous phase reaction with H•O•, as H•O2 is itself efficiently scavenged by Henry's law equilibrium; efficient scavenging of SO2 requires unusually high cloud water pH (pH > 6) to enable fast aqueous phase oxidation by Oa. Both HNO3 and HaOa are efficiently scavenged in the lower (warm) part of the cloud, but H202 is released as the cloud freezes due to low retention efficiency during timing. Significant scavenging of H202 still takes place by cocondensation with ice in the glaciated cloud but is less efficient than in the warm cloud. Inefficient scavenging of H202 in glaciated clouds may explain the observation, in TRACE-A and elsewhere, that HaO2 is enhanced in deep convective outflows while HNOa is depleted. Model results indicate little direct transfer of air from the boundary layer to the cloud anvil in the convective plume, because of low-level detrainment in the warm cloud and high-level entrainment in the glaciated cloud. We find instead a convective ladder effect where midlevel outflow during the growing phase of the storm is teentrained into the convective plume as the storm matures.
TRACE-A was designed to determine the role of biomass burning in causing the large-scale enhancement of tropospheric ozone observed over the south Atlantic basin in austral spring [Fishman et al., 1996] . Two flights over eastern Brazil examined the convective pumping of biomass burning pollution to the upper troposphere. Of particular interest is flight 6, which provided vertical profiles of gases for both preconvective and postconvective conditions [Pickering ct al., 1996] . We use the data from flight 6 to constrain and evaluate our simulation of convective transport and scavenging of chemical species. The mass in this mixing region is then partitioned into antraining and detraining components. A mixing probability distribution, f(x), is used to characterize the generation of mixed subparcels (where x is the fraction of environmental air in the mixed subparcels). Given this distribution, the rate at which updraft and environmental air mix into subparcels that are positively buoyant or negatively buoyant can be determined [Kain and Fritsch, 1990] . 
Model Description
An illustration is shown in Figure 2 . The corresponding mass conservation equation for a conserved gas tracer of mixing ratio C in the convective plume is given by where C is the mixing ratio in the environmental air. Entrainment is a critical process as it reduces the buoyancy of the cloudy air parcel and thus limits the depth of a convective plume triggered by low-altitude instability. It also has important chemical implications by supplying midlevel air to the updraft from which species can be pumped upward or scavenged. Conversely, detrainment allows the convective updraft to affect midlevel air and soluble species to escape complete scavenging.
At each model level, the liquid cloud and ice water condensate mixing ratios (respectively rc and ri) are 
Transport and Scavenging of Chemical

Tracers
We have implemented in the model a tracer transport and scavenging capability fully consistent with the motion of air and water in the cloud. The efficiency of deep moist convection in scavenging a given gas or transporting it to the upper troposphere depends on the cloud condensate profile, the ratio of ice to water, the gas solubility in water and uptake on ice, as well as washout rates, updraft velocities, and turbulent entrainment at all levels. Following the mass flux formalism, the effect of the convection on the tracer mixing ratio at grid scale is given by (Bechtold et 
Convective Transport of Soluble Gases
We simulate the transport and scavenging within the convective model plume of HNO3, H202, CH20, CH3OOH, SO2 and CO. Because of its low solubility, CO serves as an inert tracer. The initial mixing ratio profiles for preconvective conditions are specified from measurements made during TRACE-A flight 6 in the background atmosphere, that is, excluding convective outflow. The initial mixing ratio profile for SO2 is specified from measurements made during the Atmospheric Boundary Layer Experiment (ABLE) campaigns over Table 2 for both model and observations. The agreement between observed and simulated background mixing ratios simply follows from the model initialization. We define the convective enhancement factor (CEF) at 7-12 km altitude as the ratio of gases mixing ratios in the convective outflow (i.e., after convective cloud venting and scavenging of gases) relative to the background (i.e., without deep convection effects). The CEF for a given species depends on its vertical mixing ratio profile in the background atmosphere and on its solubility (i.e., scavenging efficiency). As shown in Table 2 , the model simulates well the observed gradation of CEF between species of different solubility. The CEF is highest for CH3OOH which is only sparsely soluble and has a strong gradient of decreasing mixing ratio with altitude in the background atmosphere. The CEF is lowest (below unity) for HNO3, which is quantitatively scavenged Volume mixing ratios are in units of parts per billion by volume for CO and parts per trillion per volume for the other species. Data are for the TRACE-A flight 6 on September 22, 1992 over eastern Brazil. Convective outflow at 7-12 km altitude is diagnosed in the observations by CO mixing ratios in excess of 170 ppbv, and in the model by sampling the grid-scale environment for postconvective conditions after 6 hours of simulation. The background preconvective atmosphere in the model is specified from observations, hence the similarity between observed and simulated background. The convective enhancement factor (CEF) is the ratio of mixing ratio in the convective outflow and the background. The range of SO2 convective enhancement factors from the four scenarios (pH=4-6 and Oa=20 ppbv; pH=5 and Oa=20-50 ppbv) is presented. Model results indicate that 10% of He Oe entering the cloud is detrained at cloud anvil height (Figure 6 ). This H202 originates mainly from H20e entrained from the 7-15 km region. We find that 53% of He02 entering the convective cloud below 7 km is scavenged by liquid precipitation, and most of the remainder is detrained at low altitude; only 12% is pumped above 7 km (Figure 6) . Nevertheless, this small fraction accumulating over the cloud history is responsible for the enhance- The table shows for each gas the convective enhancement factor at 7-12 km altitude (CEF) and the scavenging efficiency (percent) defined as the mass percentage of gas entering the convective cloud that is scavenged by convective precipitation. Values are shown as a function of the rate constant Cp,• for conversion of cloudwater to precipitation. The scavenging efficiency for SO2 is given for cloud water pH=5 and 03=20 ppbv and includes losses by aqueous phase oxidation plus liquid precipitation of dissolved The Henry's law constant for CH20 puts it at the threshold for efficient scavenging; in our standard simulation, 23% of CH20 entering the convective plume is scavenged.
Both HNO3 and H202 are efficiently scavenged in the warm cloud, but only HNOa is efficiently scavenged in both the mixed and glaciated cloud. The low retention efficiency of H202 in timed ice shuts off H202 scavenging in the mixed cloud. This can explain the consistent observation, in TRACE-A and elsewhere, that H202 is enhanced in deep convective outflows while HNO3 is depleted.
A substantial fraction of SO2 entrained in the convective cloud is scavenged by aqueous reaction with H202 and O3 (23% at pH=5, 50% at pH=6). As a consequence, mixing ratios of SO2 are depleted in the convective outflow. The latter result depends on the gradient in SO2 mixing ratios between the boundary layer and the free troposphere in the preconvective atmosphere. In our case this gradient is relatively weak. 
